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1. 建立线粒体荧光标记的高通量评估方法。分别将 pAcGFP1-Mito 质粒和


















































Mitochondria play a central role in the regulation of energy metabolism and 
signal transduction in eukaryotic cells. Besides, mitochondria are highly dynamic 
organelles that continually undergo fusion and fission. Mitochondrial dynamics 
actively contributes to a lot of cellular activities, such as cell metabolism, mitophagy 
and apoptosis, and dysfunction of which will lead to several human diseases, 
including neurodegenerative diseases, cardiovascular disease and cancers. As a result, 
developing a quantitative method for the rapid measurement of mitochondrial fusion 
is urgently needed. The techniques commonly used for mitochondrial fusion study are 
confocal microscopy and transmission electron microscopy (TEM), both of which are 
of low-throughput and limited quantification capability. A sensitive, high-throughput, 
and quantitative method for mitochondrial fusion measurement at the 
single-mitochondrion level is in high demand.  
By combining Rayleigh scattering with strategies for single-molecule 
fluorescence detection in a sheathed flow, our laboratory have developed a high 
sensitivity flow cytometer (HSFCM) which can achieves real-time light-scattering 
and multicolor fluorescence detection of single mitochondrion at a throughput of up to 
10000 particles per minute. Employing the unique advantage of HSFCM in the 
sensitive, rapid, and quantitative multiparameter analysis of individual mitochondria, 
here, we aim to develop a high-throughput method for the quantitative measurement 
of mitochondrial fusion via the integration of mitochondria labeling with transfected 
plasmid. The applications of the as-developed method in the relationship study 
between mitochondrial fusion and the mitochondrial membrane potential and redox 
homeostasis have been conducted. The first chapter introduces the mechanisms and 
significance of mitochondrial fusion and fission, along with their relationship with 















described and technology of high sensitivity flow cytometry is introduced. The 
experimental parts contents of this dissertation are summarized as follows:  
1. High-throughput assessment of mitochondrial fluorescence labeling at the 
single-particle level. Plasmid encoding mitochondrial-targeted fluorescent 
proteins, pAcGFP1-Mito and pDsRed2-Mito, were transiently transfected to HeLa 
cells, respectively. Stable transfection was achieved by G418 selection. The strong 
fluorescence intensity and good labeling stability make stable transfection an 
excellent method to label mitochondria stably (Chapter 2). 
2. Development of high-throughput quantitative method for mitochondrial fusion 
measurement in vitro. Mitochondria isolated from HeLa cells with stable 
transfection of pAcGFP1-Mito or pDsRed2-Mito plasmid were mixed at equal 
concentration. The HSFCM was used to analyze the sample, and the side scatter, 
green fluorescence, and red fluorescence of individual mitochondria were 
measured simultaneously. The event with concomitant detection of both the green 
and red fluorescence signals was identified to be a fused mitochondrion. The 
fusion condition and the HSFCM detection condition were optimized. 
Mitochondrial fusion buffer was used to promote mitochondrial fusion and the 
fusion efficiency was measured to around 22~23%. These results agreed well with 
the literature reports. On the other hand, we observed the structure of intermediate 
state by using TEM measurement. Compared with TEM measurement, the 
HSFCM exhibits unique advantages in the rapid and quantitative measurement of 
mitochondrial fusion (Chapter 3). 
3. Applications of the as-developed HSFCM method for the quantitative 
measurement of mitochondrial fusion in vitro. The relationships of the fusion 
efficiency and mitochondrial membrane potential or redox homeostasis were 
studied. Results show that mitochondrial membrane potential is essential for 
mitochondrial fusion, and oxidants effectively induce mitochondrial fusion 
whereas antioxidants inhibit mitochondrial fusion (Chapter 4). 
4. Due to the essential roles of mitochondrial dynamics in cellular activities, in the 















measurement of mitochondrial fusion to study other factors involved in the 
regulation of mitochondrial fusion. Prospects on the future development are 
discussed in the end of this dissertation (Chapter 5). 
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Fig. 1.1 Scheme of a mitochondrion
[8]
. M, matrix; IM, inner membrane; IMS, 
intermembrane space; OM, outer membrane; CS, cytosol. 
 
线粒体的结构如图 1.1 所示[8]，其由双层膜包被，划分为四个部分：外膜（outer 
membrane, OM）、膜间隙（intermembrane space, IMS）、内膜（inner membrane, IM）
和基质（matrix, M）。外膜将线粒体与胞浆隔离，可以通过电压依赖性阴离子通
道（voltagedependent anion channel, VDAC）[9]与胞浆进行代谢物传递，借助外膜
转运酶（translocase of the outer membrane, TOM）[10]转运核编码蛋白质。内膜可
以分为内边界膜（inner boundary membrane, IBM）和嵴（cristae）[11]。内边界膜
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